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Motivation

Satellite Laser Ranging (SLR) is the only space geodetic technique in which troposphere models do not consider horizontal asymmetry of the atmosphere above the station. Due to low number of
observations, poor geometry, and weather dependency the estimation of horizontal gradients from laser observation leads to a deterioration of weekly solutions. This work presents comparison of
different approaches of troposphere delay modeling which are currently available.

PMF & VMF30 products

Methodology
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Differences between PMF, VMF30 and FCULa mapping
functions projected onto elevation angles 10, 15 and
20 degrees are shown in figure 1. We observe

characteristic differences between FCULa and PMF as
well as VMF3o for stations located in the northern and
southern hemisphere which reach more than 5 mm
for 10 degrees elevation angles. For stations located in
the northern hemisphere we also observe that the
differences between solutions VMF30 and PMF could
reach 1 mm.
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Fig 1.Impact of differences between PMF, VMF30 and FCULa mapping function
projected onto 10, 15, 20 degrees elevation angle as a function of time.
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Function Commonly Used in

Potsdam Mapping Function

Laser ranging (FCULa, (PMF, Zus F. et al., 2014, Drozdzewski et al., 2019) :
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Vienna Mapping Function 3 optical
(VMF3o0 Boisits et al., 2018):
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Fig. 2. Horizontal gradients derived from PMF (red circles) and VMF30
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describes the hydrostatic part of VMF3o.

datm =

FCULa + simple model of gradients derived from numerical wheather

models (NWM):
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Offset + drift + annual signal + semi-annual signal for each component for each SLR station Fig. 3. Time series of troposphere delay horizontal gradients (PMF+ 01) with semi
L The example of model present figure 3. annual and annual signal (black line).
J/

m(e) — mapping function,

e — elevation angle of observation

* ay, b, c;—common mapping function coefficients for
hydrostatic and non — hydrostatic part of zenith delay.
ay, by, ¢, - hydrostatic mapping function coefficients
a, b, c,- non—hydrostatic mapping function coefficients
d? qem, dp, dy, - The total zenith delay, the hydrostatic part
of zenith delay, the non-hydrostatic part of zenith delay
m,- Chen and Herring mapping function for
horizontal gradients
Gy, Gg-The north and the east component of
horizontla gradients
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Fig 4. Percentage of observations below 27 degrees of elevation angle. Analyzed period
2007.0 - 2010.0.

In analysed period observations below 27 degrees constitute on The negative
average 10 % of total amount of observations. For station San Juan this
value reaches over 32%. For the majority of the stations, observations
provided at low elevation angle constitute above 15% of all

observations to LAGEOS-1 and LAGEOS-2.

Fig 5. Differences of median value of residuals for observations provided below 27 degree
of elevation angle. Analyzed period 2007.0 - 2010.0.

(median residuals) for solutions based on PMF, VMF3o0 or FCULa +
model with respect to the standard aproach. Nevertheles for some
stations we observe a significant deterioration of observation
resiudals (Greenbelt, Monument Peak and Wetzell).

values correspond to a reduction of mean biases

Tab. 1 Differences between estimated Earth rotation parameters and the IERS-C04-14.
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Fig 7. Differences of geocenter coordinates between the standard solution and solutions
with horizontal gradients.

Figure 6 show differences between pole coordinates including PMFs,
VMF30 models and the standard FCULa approach. The solutions with
horizontal gradients are characterized by offsets at the range from 20 pas

observations at the site.

* All models improved the consistency between
pole coordinates derived from SLR and IERS-14-

Standard sol. {23 7.5 38 7.6 77 5.2 574 to 10 pas. We do not observe significant differences for LOD. €04 combined series. Due to this fact, we
EVIE O I 3 X 5 L) 22 ST The consistency of the pole coordinates between SLR solutions with rec?mmend models that take account
VMF3o 0 7> 12 76 76 52 S74 horizontal gradients and the IERS-14-C04 series is improved (for details horizontal gradients.
7 75 1 76 75 52 574
see table below). JAN )
e
Orotdtowsk M. Sobnica K, 20 ., Balidakis . (2015) Miendes V8, rtes G, pauls ., Pais € Lngle .8, . (2002) o poducs
i i Pt i L ou can find here:
N inprimt,Bestin: Reideloeg, Germany 2015,y 1-14 Geophysicl Reseaich Letters 29, 53-1-55-4. hitpedoLorg 10,107 b > w o
ROCEAW UNIVERSITY

012871

2 numerical weather model. Radio Sci 49(3):207-216. https:// 884
doi.org/10.1002/2013RS005280

Boisits J, Landskron D, Soénica K., Drodzewski M, B3hm J.

ropos
21t termaton! Worahop on Lase Rangig, c.mm Australia, 4-3 November 2018 (proceedings), pp. 1-15
dis.nasa sentations/Session2_Boisits_presentation.pdf

2us¥, Dick G, Dousa J,

1(2014) The rapid i mapping

< PMF Products

you can find here:

OF ENVIRONMENTAL
AND LIFE SCIENCES




